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SUBSONICANDSUPERSONICHINGE-MOMENTAND-mruss

CHARACTERIST~CSOFAN UNBALANCEDIJU’EML

CONTROLHAVINGLOW”THEORETICALHINGE

MOMENTS

ByKennithL.

AT.supersonicSPEEDS

Win andWilliamE. Palmer

suMMARY

An experimentalinvestigationhasbeenmadeto determinethehinge-
mcmentandeffactivenesscharacteristicsofa lateralcontrolwhichhas
beenshownby theoreticalanalysistohavelowhingemmentsdueto
deflectionat supersonicspeeds.Thecontrol,locatedatthetip ofa
clipped600deltawing,wasofinverselytapered600half-delta plan
fom andwashingedaboutitsleadingedge. Itscharacteristicswere
determinedthrougha subsonicMachnumberrangefrom0.15to 0.92and
at supersonicMachnumbersof1.41,1.62,and1.96.At stisonicMach
numbersthetestReynoldsnumberswere3.8 x.106to 9.0 x 106andat
suyersoficMachnwibersthetestReynoldsnuriberswere2.2x 106to
3.3 x l&

As expected,thesupersonichinge-mmentandroll.ing-mmnentcharac-
teristicsofthecontrolarepredictedverywellby linearizedsupersonic
theoryinthelowdeflection,l-~=@e-of-attackr-e~ thuslen~%
supportto thetheoreticalanalysisfromwhichthecontrolwasselected.
Disa~eementsbetweenexperimentandtheoryathigherahglesofattack
anddeflectionareyhowever~s~ficientto ~~cate l~tatio~ to the
practicalapplicationoftheanalysis.Evenatthehigheranglesof
attackanddeflection,thevaluesofthesupersonichingemcuaentsand
deflectionworkofthecontrolaremuchlowerthanthosefora morecon-
ventionalconstant-chordunbalancedcontrol.Valuesof supersonic
deflectionworkforthesubjecttipcontrolarealsolowerthanthose
fora 100-percentoverhangbalanceconstant-chordcontrol.

Thedifferencesbetweensubsonicandsupersonic
considerablylessforthetipcontrolthan~ose for
unbalancedflap-t~econtrols.

hingemomentsare
moreconventional

—.—-——. — .—— ——. —
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Thecontrolisingeneraleffectiveinproducingrollingmoment
throughouttherq$eofe~et s s withtheexceptionofanglesof attack
between28° and~ atlowstisonicllachnumbers.Fortheseconditions,
withequalq anddowndeflectionofoppositeailerons,thecontrol
effectiv~nessisreversedforlowdeflectionsbutisagainpositivefor
largedeflections.

Thecontrolcouldbeusedformoderatelongitudinaltrimchanges;
however,itseffecti=nessasa longitudinaltrimdevicedecreasedwith
increasingMachnumber.

lmmmJcTIoN

As an approachtotheproblemofreducingcontrolhingemoments,
a theoreticalanalysiswasrecentlymadeto determinetheplanformsof
unbalancedtrailing-edgeflap-typecontrolswhichwouldhaveminimum
hingemomentsdueto deflectionat supersonicspeeds(ref.1). One
interestingresultoftheanalysiswastheindicationthatonwings
withunsweptorsweptforwsrdtratingedges,inverselytaperedcontrols
havingtriangularplanforesandhighlysweptfo~ardhingelineswould
havemaximumratiosofroJlingmomenttohingemoment.

~ orderto establishin sme measurethereliabilityoftheanaly-
sis,aswell.astoprovideexperbnentalinformationonthisunusualtype
control,relatedinvestigationshavebeenmadeintheLangley9- by
J-2-inchsupersonicblowdowntunnelatMachnumbersof1.41,1.62, and
1.96 andin theLamgleylow-turbulence-pressuretunnelatMachnumbers
fromO.15to 0.92. Theconfigurationtestedat supersonicspeedscon-
sistedofa clipped60°deltawingequippedwitha half-deltacontrol
whichhada 600sweptforwardhingelineandwaslocatedatthewingtip.
ThewinghadNACA6~AO03airfoilsectionspsrsUelto theplaneof
symmetry.Thestisonicconfigurationdifferedfrm thesupersoniccon-
figurationmaidy inthatithadNACA6~AO06airfoilsections.

Testsat subsonicspeedsweremadeat controldeflectionsof -26°
to 20°,anglesof attackof -10°to 42°andReynoldsnumbersof3.8 x 106
to 9x 106. Testsat supersonicspeedsweremadeat control deflections
of0°to 20°,anglesofattackof -12°to12°andReynoldsnumbersof

2.2x lo6to 3.3x 10%

—.
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. Themeasuredaerodynamicforcessndmomentswerereducedto standard
nondimensionalcoefficientssothatallcoefficientspresentedherein
applytothecompletewing. Thepositivedirectionsofforces,mcments,
andanglesareshowninfigure1. .Thesymbolsandcoefficientsused
hereinaredefinedasfollows:

b

c

E

M

Ma

P

~

R

s

‘f

v

w

CD

Ch

CL

c1

modelspanforfull-spanmodel,twicemodelspanfor
semispanmodel -

localchordmeasuredparalleltoplaneof symetry

meanaerodynamicchord,
Jb’’c’#”c *

Machnumber

mcmentof areaof aileronabouthingeaxis

rollvelocity,radians/see

free-streamdynamicpressure

Reynol&number,basedon 5

modelwingarea

controlarea

free-stresmvelocity

deflectionwork, 2Maq~’chd~~~+~-’chd(~]

dragcoefficierit,Drag
qs

hinge-momentcoefficient,Huge moment
maq

Liftliftcoefficient,—qs

rolling-mmnentcoefficient,RollinRmomentqsb

~—-. .—. ——. — .——. —
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%gross grossrolli.ng-mmentcoefficient,
Rollingmment of semispanmodel

2@b

ZY3z rolJing-mment

acz
r..=—

cm

Cn

CY

a

b

pitching-mrnnent

yawing-moment

lateral-force

(
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coefficientdueto ailerondeflection

coefficient,Pitchingmczuentabout ~/4
qsc

coefficient,Yawingmamentqsb

coefficient,Lateralforce
qs

angleofattack,deg

controldeflection,measuredinplanenormalto
hingeaxis,deg

Subscripts:

a partialderivativeof coefficientwithrespecttoa

b partialderivativeof coefficientwithrespectto b

APPARATUSANDTESTS

Theftdl-spanmodelusedtimthesubsonicinvestigationandthe
semispan model wed ~ the sw=sofic ~=stigation both consist of
bodiesofrevolutionequippedwith600deltawingshavingthetipscut
offinthestresmwisedirectionandhavinginverselytapered600half-
deltacontrolslocatedatthewingtips(figs.2 to 4). T&models
haves~&wing andcontrolplanformswiththeexceptionthatthe
mibsonicmodelhasa tipfairingformedby revolutionoftheairfoil
ordinatesaboutthetip section,whereasthetip ofthesupersonicmodel
is cutoffsquarely.Theeffectofthefairingistogivethesubsonic
modela taperratioof0.249,andan aspectratioof1.39comparedwith
a taperratioof0.262andan aspectratioof1.35forthesupersonic

~A.kA=7==w

.

.
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model.“~ subsonicwinghasNACA6>AO06airfoilsectionsandthe
supersonicwinghasNACA65AO03airfoilsectionspsralleltotheplane
of symnetry.Theordinatesofthebodiesofrevolutionofthesubsonic
andsupersonicmodels,aregivenrespectivelyinreference2 andin
figure4. The supersonicbodyhada cylindricalafterbody,whereasthe
subsonicbodywasboattailed.

Subsonic

Aileroninstallation.- Thesubsonicmodeliseqtippedwithan
aileronontherightwing. Theaileronisattachedtothewingby
meansofhingeswhichprovideforcontroldeflectionandareinstru-
mentedwithelectrical.straingagesforindicatinghingemoments.The
aileronhasa radiusnose. A gapof 0.0015wasmaintainedbetweenthe
radiusnoseandadjacentwingduringtests.

Tunnel.- ThesubsonictestswereconductedintheLangleylow-
turbulencepressuretunneldescribedinreference3. Independentvari-
ationsinReynoldsnumberandMachnumbercanbe obtainedbymeansof
variationintunnelstagnationpressurefrcm1 to 10 atmospheresin
airandfran1/5to 1 atmosphereinFreon-12.lhchnumbersupto
tunnelchokecanbe obtainedwiththeuseoflRreon-12u a testing
medium.AU dataobtainedinFreon-12wereconvertedto equivalent
airdataby themethodofreference4.

Themodelwasstingmountedinthecenterofthetunnelas shown
infigure2(a).A six-componentelectricalstrain-gagebalancewas
housedwithinthemodelfuselage.

Corrections.- TheeffectsonMachnuder anddynamicpressureof
constrictionoftheflowby thetunnelwallsweretakenintoaccount
by a methodbasedon informationpresentedinreferences5 and6.
Anglesof attackanddragcoefficientswerecorrectedfortheeffects
ofboundaryinducedupwashby themethodofreference7. Anglesof
attackhavealsobeencorrectedforsupportdeflectionresultingfrom
aerodynamicloading.

Supersonic

Aileroninstallation.- Thesupersonicmodel(showninfig.2(b))
wsatoothininthevicinityofthehingetis forinstallationof
availableelectricalstraingagesandresortwasmadeto sm optical
systemformeasuringcontrolhingemoments.Inordertousethis
opticalsystem,thewingandcontrolweremadefroma singlepieceof
steelwhichwasweakenedalongthecontrolhingetis by groovesand

—.— —.———.
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sawcutsas showninfigurek. In this weakenedconditionthecontrol
deflectedapprodmately1/2°withrespecttothewingatmaxhumhinge
moment.Thevariouscontroldeflectionsweresetby bendingthemodel
alongtheweakenedhingeaxis.

axis
been
were
Data

Themodelwasaerodymsmicsllyfairedinthevicinityofthehinge
by useofbalsastripsgluedalongthegrooves.Aftertestshad
madeat 8 = 0°,thecontrolwasdeflected4° andhingemoments
measuredwiththesharp-andround-typefaifingsshowninfigure4.
forthetwotypesoffairlngarecomparedinfigure5. Hinge

momentsforthesharpfairingindicatevaluesof %5 at a = 0°

whichareingoodagreementwithvaluescalculatedfora flatplate
witha sharpbendat thehingeaxis,whereasvaluesof Ch indicated

5
fortheround-typefairingareconsiderablymorenegative.Sincethe
sharp-typefairingmorenearlyappro~tes theshapethatwouldbe
expectedto existinpractice,andsincetheanalysisofreference1
(fromwhichthiscontrolwasselected)isbasedon calculationsfora
flatplatewitha dump bendalongthehinge-S, allsubsequenttests
weremadewiththesharp-typefairing.

Itmightbementionedthat,althoughdifferencesintheaileron
installationsforthestisonicandsupersonictestsmayhavesome
influenceonthecontrolcharacteristics,particularlyhingemoments,
suchpossibledifferencesarenotbelievedtobe lsrgeenoughto affect
thegeneraltrendsoftheaileroncharacteristicswithMachnumber
indicatedby a comparisonofthesubsonicandsupersonicdata.

Tunnel.- ThesupersonictestswereconductedintheLangley9- by
I-2-inchsupersonicblowdowntunnelwhichutilizesthecompressedairof
theLangley19-footpressuretunnel.Thecompressedairis conditioned
to insurecondensation-freeflowinthetestsectionby beingpassed
througha silica-geldrierandthroughbanksoffinnedelectricalheaters.
Turbulencedampingscreensarelocatedin thetunnelsettlingchamber.
Theabsolutestagnationpressureoftheairenteringthetestsection
isabout2 atmospheres.Thethreetest-sectionMachnumbersarepro-
videdby useofinterchangeablenozzleblocks.Deviationsoftheflow
conditionsinthetestsection,as determinedfromext-ensivecalibra-
tiontestsandreportedinreference8, arepresentedin thefollowing
table:

AverageMachnumber... . . . . . . . . . . . 1.41 1.62 1.96

MsxbmmdeviationinMachnumber . . . . . . . 1.02 t.ol t.02

Max3mumdeviationin streamangle,deg . . . . *.25 t.20 *.20
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Testtechnique.-Thesemispanmodelwascantileveredfroma five-
componentstrain-gagebalancewhichwassetflushwiththetunnelfloor
andwasfreetorotatethroughtheangle-of-attackrange.A haU body
ofrevolutionwasattachedtothewing. A 0.25-inchslrhnwasattached
tothehalfbodytoraiseit offthetunnelfloorandthw mimbizethe
effectsofthetunnel-floorboundarylayerontheflowoveritssurface.
A descriptionofthedevelopmentofthisshimisgiveninreference9.
A gapofabout0.01inchwasmaintainedbetweenthetestbodyandthe
tunnelfloor.

Hingemomentsweremeasuredby usinga modifiedversionofthe
opticalsystemdescribedinreference10. Thesystemconsistedofa
singlelightsource,threepairsof smallmirrorsi.nibeddedinthetop
surfaceofthemodelalongthehingeline,as showninfigure4, anda
translucentcircular-arcscreenonwhichlightfromthemirrorswas
reflected.Themirrorsweresetinthemodelwiththeirfacesparallel
sothattherelativepositionsofthethreepairsofimagesonthe
screentirectlyindicatedthedeflectionofthecontrolrelativetothe
~, andco~equentlythecontrol-e m~ents. ti ordertokeepthe
facesofthemirrorsparallel,themirrorsinthecontrolhadtobe
reseteachtimethecontroldeflectionwaschanged,causingthetop
surfaceofthecontroltobe uneven.Howeverjinno casedidtheimbedded
mirrorsprotrudeabovethesurfaceofthemodel.

Accuracy

Themagnitudeoferrorsintheangularmeasurementsanderrorsin
aerodynamiccoefficientsresultingfromgeneralconsiderationsofbalance
calibrationaccuracy,repeatabilityof dataandaccuracyofmeasurements
isbelievedtobe a%outas follows:

Variable

a, deg....
6,deg. . . .
CL. . . . . .

CD” “ “ “ - “
cm. . . . . .

cl” “ “ “ “ “
Cn. . . . . .

CY” ““ “ “ “
%“”””””

Errorat stisonic
Machnumbers

*O-1

- 0.2
0.010
0.001
0.003
0.001

0.002
0.004
0.008

Errorat supersonic
Machnumbers

to. 05
0.25

O.o(yj
0.001
-----
0.001
-----
-----
0.010

—.— — .-——.-— . .— —.— ——.———— –—
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Theabovevaluefor b forthesupersonictestsistheerrorin
initialcontrolsetting.Eecauseofloading,thereisanadditional

maximumvariationof‘#”incontroldeflectionwhichhasnotbeen

accountedforinthebasicdataplotsofcoefficientagainstangleof
attack.Inthecrossplotsof coefficientagainst5,however,values
of ?5havebeencorrectedfordeflectionunderload.

The errorsin CD at subsonicandsupersonicMachnumbersindicated
in theprecedingtibleapplyonlyatlowanglesofattack.Theerror
in CD increaseswithincreasinga becauseofthegreatercontribution
ofthenomnalforceto thedrag.Thebalancesusedforboththesubsonic
andsupersonictestsmeasurednomal andchordforceswhichwerecon-
vertedtoliftanddragforthisreport.Therelativeaccuracyofthe
supersonicpitching-mmentmeasurements(theaccuracyofeachdatapoint
withrespectto eachotherdatapointat thesameliftcoefficient)is
believedtobe about0.002intermsof Cm. Theabsoluteaccuracyof
themeasurementsisnotlamwn,however,because,subsequentto themeas-
urements,thebalancewasmodifiedandsincethemodificationthe
pitching-momentdataofthisreportcannotbe repeated.Thereis a
consistentunexplaineddiscrepancybetweendataobtainedbeforeand
afterthemodificationwhichamountsto an indicateddifferencein
aerodynamic-centerlocationof appro~tely 0.05inch(0.OIE).

RESULTSANDDISCUSSION

LateralandHinge-MomentCharacteristics

Thebasiclateralforceandmmnentandhinge-mcmentcoefficients
plottedagainstangleofattackarepresentedinfigures6 to9.

Lateral.force.-Thestisoniclateral-forcedataoffigure6 show
maximumincrementsof Cy resultingfromcontroldeflectionofabout
0.01at positiveanglesofattackup tothestall,whichoccursbetween
about28°and32°. MaSmumincrementsin Cy attheseanglesarepro-
ducedbypositivecontroldeflections.Thelargedeviationsathigh
anglesofattackoflateral-forcecurvesfmm zeroat zerodeflection
showninfigure6 arecharacteristicofwingsof deltaandmodified
deltaplanforms.Itisbelievedthat,sincetherewasa gapbetween
thecontrolandthewingononlyonewing,therewereconsistentflow
differencesbetweenthetwowingswhichinfluencedthedirectionof
thisdeviation.Similardeviationsof CZ and Cn arealsoindicated
infigures6 and8.
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Yawingmoments.-Themibsonicyawing-mamentdataoffigure8 show
yawing-momentincrementsdueto controldeflectionareingeneral

slightly~gativeforpositivecontroldeflectionsandnearzerofor
negativedeflectionsat anglesofattackUQ to 20°orabove.Although
theincrementsduetopositivedeflectionarenegative,indicating
slightlyfavorableyawingmoments,themagnitudesoftheincrementsare
approachingtheaccuracyofthedata.

Rollingmoment.- Oneinterestingresultillustratedbythesubsonic
ro~-moment dataoffigure6 isthatcontroleffectivenessincreases
atbothnegativeandpositivedeflectionsasangleofattackis increased
from0° andreachesa maxhumatanglesofattackbetweenabout10°and
20°.

AtMachnunbersof 0.15and0.40,thedataoffigure6 showthatthe
controliseffectiveatalldeflectionsatanglesofattackup to about
28°. As theangleofattackapproachesthatforstall (a= 28°to 32°)
theeffectivenessdecreasesandreversalsoccurat lownegativedeflec-
tionsandatallpositivedeflectionsatanglesofattackbetween28°
and~“. Highnegativedeflectionsareeffectiveatallan@es of
attackandalldeflectionsagainbecomeeffectiveastheangleofattack
is increasedto 40°orabove.

AtMachnunbersbetween0.60and0.92,thedataoffigure6 show
thatingenerslthecontrolis effectiveatalJdeflectionsat allangles
ofattackup tothemsximumofthetests.Theeffectivenessat anglesof
attackgreaterthan20°islessthanthenmxtiumeffectivenessat some-
whatloweranglesofattackbutis generallygreaterthanat u = OO.

Thesubsonicrolling-mcznentdataoffigure6,togetherwiththe
supersonicrold.ing-manentdataoffigure7 aresummarizedinfigure10
intheformof crossplotsof &!z against 5. Thecrossplotsoffig-
ure10forthesupersonicMachnumberspresentdatafornegativecontrol
deflectionswhichwereobtainedbyreversingthesignsof a, 5, and
cl. Thismethodofhandlingthedatawaspossiblebecausethemodelis
symmetricalaboutitschordplane.Figure10 illustratesthepreviously
mentionedincreasesineffectivenesswithincreasesin angleof attack
at subsonicMachnumbersandshowsimilarthou@ smallerincreaseat
supersonicMachnumbers.

Thecmparisoninfigure10 ofexperhentalandtheoreticalvalues
ofrolling-mm.entcoefficientat supersonicspeedsshowsverygoodagree-
mentat u = OO. At higheranglesofattack,however,theexpertiental
rollingmomentsaresomewhathigher_thanpredicted.Thegoodagreement
oftheorywithexperimentat a = 0“ lends

~=~

supporttotheanalysisof

—..- .—.—— .— —.— .. .. . —.— ..-
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reference1, fromwhichthiscontrolwasselected,whereasthedisagree-
mentat thehigheranglesofattackindicateslimitationsto theprac-
ticalapplicationof theanalysis.

Hingemoment.-Thehinge-momentdataoffigures8 and9 indicate
hinge-momentvariationswithangleofattackwhichareverysimilarat
subsonicandsupersonicspeeds.Througha limitedrangeofangleof
attacknear0°,VdUeS of Ch arerelativelylow. AEtheangleof

a
attackisincreasedbeyondthisrangethereisa negativeincreasein

C%
followedby a generaldecrease.Althoughthetrendsares~lar,

theslopesofthe Ch againsta curvesaremuchmorenegativeat
supersonicspeedsthanat subsonicspeeds.

ThecrossplotsoffigureI-1indicatetrendsofhinge-momentvaria-
tionswithcontroldeflectionwhicharesimilarat subsonicandsuper-
sonicspeeds.At a=OO andlowcontroldeflections,valuesof Ch

8
arerelativelylow. As thedeflectionisincreasedat a = 0°,values
of Chb increase.At subsonicspeedstheslopesofthe Ch against

5 curvesingeneraltendto increasecontinuouslywithincreasesin
angleofattackupto 25°. At supersonicspeeds,however,thereis an
increaseas a is increasedfrom0°to 4°butfurtherincreasesin a
to M“ have~ttle effecton Chb.

Thecomparisonsoftheoreticalandexperimentalhingemomentsat
supersonicspeeds(fig.U) showthattheorypredictsthehingemoments
verywellintherangewheretheorywouldbe expectedtobe applicable,
thatis,at a = 0° andat valuesof b nearzero.Thetheoretical
valuesof Ch are,however,considerablylessnegativethanexperi-R
mentalvalues”athigherdeflectionsat a = 0° andatalldeflections
at higheranglesofattack.

Evaluationof controlM.nge-mmentcharacteristics.-Figure12 has
beenpreparedinorderto evaluateto somemeasurethecharacteristics
ofthecontrolunderpracticalconditions.Theupperplotpresents
valuesof Cz whichwereestimatedtobe requiredtoproducea roll
rateofthesubjectwingof3.5radianspersecond(assminga 30-foot
wingspanandanaltitudeof40,0C0feet).Alsopresntedintheupper!3plotinfigureM aresimilarvaluesof Cl fora 60 deltawing(of
areaequaltothatofthesubjectwing)havinga constant-chordflap-
typecontrolwhichwillbe usedforcomparativepurposes.Thecalcu-
latedvaluesof C7 requiredwereobtainedby useoftheoreticalvalues
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of c fromreferences11andI-2.It shouldbe pointedoutthatcal-
‘P

culatedvaluesof Cz donottakeintoaccounttheeffectsofwingtwist
onaileroneffectiveness,theeffectsof@e ofattackon CZP,and

otherfactorswhichmightbe ofimportanceinpractice.However,the
variationwithMachnumberofthe.requiredrollingmomentwouldbe
expectedtobe fairlytypicalifa constantrateofrollisthecriterion.

Theothertwoplotsoffigure12presentexperimentalvaluesof ~
againstMachnumberforequalup anddowndeflectionsof oppositeailerons
producingtheestimatedrequii%drollingmoment.Thestaticdataof
thisfigurewereobtainedby useofstaticvaluesofhinge-momentand
rolling-momentcoefficientandarerepresentativeofthecaseinwhich
thecontrolsarefullydeflectedbeforetheaircraftstartsto roll.
Thiscaseis theoneforwhichthehingemomentsofunbalancedcontrols,
whichhavenegativevaluesof C

%X’
willbenwdmum,becauseas soonas

theaircraftstartstorolltherewillbe a balancingeffecton control
hingemoments.In orderto givesomeindicationofthesebalancing
effectsdueto rolling,valuesof Ch forthesteady-rollcasearealso
presented.Valuesof Ch forthesteady-rollcasewereobtainedby
determiningtheequalup anddowndeflectionswhichproducetherequired
valuesof Cl by determiningtheinducedangleofattackatthecentroid
ofthecontrolfora rollrateof3.5radianspersecond,by assumingthe
effectiveangleofattacktobe theinitialangleofattackplusthis
inducedangleofattack,andby determiningthenethinge-mcmentcoef-
ficientsat theeffectiveanglesofattack.Aspointedoutpreviously,
thecsd.culationsfortherollingcasedonottakeintoaccountseveral
factorswhichmightbe of importanceinpractice.However,it isbelieved
thatthedataobtainedwillgivea reasonableindicationofthemagnitude
oftheeffectsofrollingonthehingemoments.~ negativesi~ of Ch
indicatesunderbalancedhingemoments.

v~ues Of Ch areshownforthesubjectcontrolat a = 0° and 8°
andarecomparedwithsimilarvaluesforthemorefsmiliarunbalanced
constant-chordflap-typecontrol.Theratioof controlareatowingarea
fortheconstant-chordcontrolisapprox3matel.yequaltothatofthesub-
jectcontrol.Datafortheconstant-chordcontrolareunpublisheddata
fromtestsofa semispanmodelintheLangley9-by 12-inchsupersonic
blowdowntunnel.Thesubsonicdataforthiscontroldonotinclude
reflectionplaneor jet-boundarycorrections.

Probablythemostsignificantresultindicatedbyfigure12 is that
differencesbetweensubsonicandsupersonichingemomentsforthesubject
controlarecomiderablylessthanthoseforthemorefsmiliarconstant-chord

-— —————- —— —— -——
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control.Therelativelysmallchangesinhingemcmentsforthesubject
controlcanprobablybe attributedmainlyto thefactthattheleading
edgeofthecontrolis subsonicthroughouttheMachnumberrangeofthe
investigationandconsequentlythatthecontroldoesnotexperiencethe
radicalchangesinloadingoftheunsweptconstant-chordcontrols.This
featurewouldappeartoindicatethattheaerodynamicproblemsinvolved
inbalancingthistypecontrolwouldbe lesscomplexthanforflap-type
controlshavinglowtomoderateamountsofleadlng-edgesweep.

Thedataoffigure12 showthatvaluesof Ch forthesubjectcon-
trolareconsiderablylessthanthosefortheunbalancedcontrolwhich
wasnotdesignedtohavelowhingemuments.Hecausethevalueof Ma
(onwhichvaluesof Ch arebased)forthesubjectcontrolisabout4/3
thatoftheconstant-chordcontrol,thedifferencesbetweenthehinge
momentsofthetwoisnotquiteas greatas indicatedby thevaluesof
Ch. However,at supersonicspeeds,thehingemomentsofthesubjectcon-
trolaremuchlowerthanthoseoftheconstant-chordcontrol.

Thedataoffigure12 indicatethatm appreciablemomt ofbalance
dueto steadyrollisobtainedforthesubjectcontrolat a = 0° and
thata considerablygreatersmountofbalanceisobtainedat a = 8°. In
fact,at a = 8°,appro~tely zerohingemomentsareshownat subsonic
speeds.Thebalancingeffectsoftheconstant-chordcontroldueto steady
rollingaremuchlessthanthoseforthes@.jectcontrol.

Evaluationof deflectionworkcharacteristics.-Inadditiontohinge
mments,whicharehportantas suchwhenthestrengthoftheactuating
mechanismortheamountoftorqueavailableatthecontrolisthecriterion
theworkrequiredto overcomethehingemomentsdueto deflectionisan
importantconsiderationsinceit determines thesmountofener~whichmust
be suppliedtothepower-boostsystem.In orderto examinethedeflection
workcharacteristicsofthesubjectcontrol,plotsof W correspondingto
theStatiCCh dataoffigure12havebeenpreparedandarepresentedin
figure13. Inadditionto &ta forthetwounbalancedcontrols,values
of W at supersonicspeedsarealsopresentedfora 100-percentoverhang
balancedcontrolwhichwasobtainedbyshiftingthehingeaxisofthe
unbalancedconstant-chordcontrolto”thehalf-chordlocation.

Thedataof figure13 showthattheunbalancedconstant-chordcontrol
requiresdeflectionworkaboutequalto thatofthesubjectcontrolat
subsonicspeedsbutconsiderablymoreworkthanthesubjectcontrolat
supersonicspeeds.Figure13 alsoshowsthatat supersonicspeeds,the
deflectionworkforthebalancedcontrolis considerablygreaterthanfor
thesubjectcontrolexceptat a = 0° atthelowestMachnumberinvesti-
gated.Theseresultsindicatethatfromthestandpointofworkrequiredfor
lateralcontrol,theunbalancedandthe100-percentoverhangbalanced
constant-chordcontrolsaredecidedlyinferiorto thesubjectcontrolat
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supersonicspeeds.Additionalpointsshowingtheeffectsofrollingat
M = 1.96 indicatethatthecomparisonofdeflectionworkforthethree
aileronsconsideredisnotappreciablyaffectedlytherollingcondition.

Itisof interesttonotethattheadvantagesof the100-percent
balancedcontrolovertheunbalancedconstant-chordcontrol,usinglow
valuesof W asthecriterion,areappreciableat a = 0° butare
rektivelysma~ at a = 8°.

LongitudinalCharacteristics

Plotsof CL againsta, Cmj and CD arepresentedinfigures14
and15forrepresentativesubsonicandsupersonicMachnumbers.Thedata
indicatethatthecontrolwouldnotbe veryeffective,asa flapsincethe
maximumticreaseinliftcoefficientdueto 20°deflectionisaboutO.@t.
The data indicate,however,thatthecontrolcouldbe usedformoderate
longitudinaltrtichanges.Theeffectivenessofthecontrolas a longi-
tudinaltrimdeviceis shownto decreaseasMachnumberincreases.

Thesubsonicdataindicatethatatpositiveliftcoefficientsthere
islittleifanyincreaseindragata givenliftcoefficientdueto
positivecontroldeflections.Negativedeflections,however,resulted
in dragincreases.Thesupersonicdataindicatethatatbothpositive
andnegativeliftcoefficients,dragincreasesresultedfrompositive
controldeflections.Thesignificanceofthelift,drag,andpitching-
momentcharacteristicswithregardto theuseofthetipcontrolasa
longitudinalcontroldevice,willdependmainlyonthespecificappli-
cationand,therefore,no attempthasbeenmadeto evaluatefullythese
characteristics.

CONCLUDINGREMARKS

Testsat subsonicandsupersonicspeedsofa clipped60°deltawing
equippedwithan inverselytapered600half-deltacontrollocatedat its
tiphaveindicatedthefollowingresults:

As expected,thesupersonichinge-momentandrolling-mamentchar-
acteristicsofthecontrolarepredictedverywellby linearizedsuper-
sonictheoryin”thelowdeflection,lowangle-of-attackrange,thuslending
supporttothetheoreticalanalysisfromwhichthecontrolwasselected.
Disagreementsbetweenexperimentandtheoryathigheranglesofattackand
deflectionare,however,sufficientto indicatelimitationstotheprac-
ticalapplicationoftheanalysis.Evenat thehigheranglesofattack
anddeflection,thevaluesof supersonichingemomentsanddeflection
workofthecontrolaremuchlowerthanthosefora moreconventional
constant-chordunbalancedcontrol.Valuesofsupersonicdeflectionwork

~

.—.— — .——-- .—
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forthesubjectcontrolarealsolowerthanthosefora 100-percent
overhangbalanceconstant-chordcontrol.

Thedifferencesbetweensubsonicandsupersonichingemomentsare
considerablylessforthetipcontrolthanthoseformoreconventional
unbalancedflap-typecontrols.Thisfeaturewouldappearto indicate
thattheaerodynamicproblemsinvolvedinbalancingthistypecontrol
throughoutthespeedrangewouldbe lessccmplexthaninthecaseof
moreconventionalflap-t~econtrols.

Thecontrolisingeneraleffectiveinproducingrollingmmnent
throughouttherangeoftheinvestigationwiththeexceptionofangles
ofattackbetween28°and~“ atlowstisonicMachnumbers.Forthese
conditions,withequalupanddowndeflectionof oppositeailerons,the
controleffectivenessisreversedforlowdeflectionsbutisagain
positiveforlargedeflections.

Thecontrolcouldbeusedformoderatelongitudinaltrimchanges;
however,itseffectivenessasa longitudinaltrimdevicedecreasedwith
increasingMachnumber.

LangleyAeronauticalLaboratory,
NationalAdvisoryCamitteeforAeronautics,

XeYHeld, Vs.,August10,1953.
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